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(57) ABSTRACT

The lithium-10on secondary battery in which a positive elec-
trode contains L1 (M),(PO,) F, (M=VO or V, 0.9=a<3 .3,

0.9<b=<2.2,0.9=c=<3.3, 0=d=<2.0) as an active material and 1 to
300 ppm of sulfur 1s used.
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1
LITHIUM-ION SECONDARY BATTERY

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a lithium-ion secondary
battery.

2. Description of the Related Art

In the related art, laminar compounds such as LiCoO,, and
LiNi, ,,Mn,,,Co,,;0, and spinel compounds such as
LiMn,O, have been used as a positive electrode material
(positive electrode active material ) of a lithium-1on secondary
battery. In recent years, olivine-type compounds represented
by LiFePO, have attracted attention. The positive electrode
material having the olivine structure has been known to have
high thermal stability at a high temperature and to have a high
safety.

However, a lithium-ion secondary battery using LiFePO,
has defects that a charging/discharging voltage thereof 1s
about 3.5 V, which 1s low, and energy density i1s lowered.
Theretore, L1CoPO,, LiN1PO, and the like have been pro-

posed as phosphate positive electrode materials capable of
realizing a high charging/discharging voltage. However, at
present lithium-1on secondary batteries using these positive
clectrode maternials cannot obtain a suificient capacity. As a
compound capable of realizing a 4V-grade charging/dis-
charging voltage among the phosphate positive electrode
materials, vanadium phosphates having structures of
L1VOPO, and L1,V ,(PO,), has been known.

It1s not known that gas generation occurs 1n the lithtum-1on
secondary battery using the vanadium phosphate compound
in some cases. However, gas 1s actually generated and the
lithium-10n secondary battery 1s swollen to cause a problem
that shape stability 1s impaired. In particular, when a metal
laminated case 1s used, a change in the shape thereof is
remarkable.

While there 1s a disclosure about vanadium phosphate in
Japanese Unexamined Patent Application No. 2004-303527,
a problem of gas generation 1s not disclosed. In Japanese
Unexamined Patent Application No. 35-6778, in order to sup-
press gas generation, the addition of a small amount of water
soluble polymer to a conductive carbon paste solution 1n a
conductive layer on a negative electrode body 1s disclosed.
However, a case in which vanadium phosphate 1s used as a
positive electrode active material 1s not disclosed nor sug-
gested.

SUMMARY OF THE INVENTION

The present mnvention 1s made to solve the problem of gas
generation 1n the related art, and an object of the present
invention 1s to provide a lithium-ion secondary battery
capable of suppressing gas generation thereof.

According to the present invention, 1n order to achieve the
object, there 1s provided a lithium-ion secondary battery
including a positive electrode 1n which a positive electrode
contains L1 (M), (PO,) F, (M=VO or V, 09=a<33,
0.9<b=2.2,0.9=c=3.3, 0=d=2.0) as an active material and 1 to
300 ppm of sulfur.

(Gas generation 1s suppressed 1in the lithtum-1on secondary
battery according to the present invention.

In the lithrum-ion secondary battery according to the
present invention, the active material of the positive electrode
contains L1iVOPO, or L1, V,(PO,),.

Accordingly, the gas generation of the lithtum-1on second-
ary battery can be remarkably suppressed.
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According to the present invention, 1t 1s possible to provide
the lithium-1on secondary battery capable of suppressing gas
generation.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic cross-sectional view showing a
lithium-10n secondary battery according to an embodiment.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In the following, a preferred embodiment of the present
invention will be described with reference to the accompany-
ing drawings. The present invention 1s not limited to the
following embodiment. The constituents described below
include constituents which can be easily assumed by those
skilled 1n the art and substantially the same components.
Furthermore, the constituents described below can be appro-
priately combined.

Vanadium phosphate as an active material according to the
present invention can be expressed by the structural formula
of L1 (M), (PO,) F, (IM=VO or V, 0.9=za<3.3, 0.9<b=<2.2,
0.9=c=<3.3, 0=d=2.0). Specific examples thereol include
L1VOPO,, L1,V,(PO,),; and LiVOPO,F. In particular, when
L1VOPO, 1s used, a high effect of suppressing gas generation
1s confirmed. It 1s considered that this 1s because sulfur
strongly 1nteracts in particular with vanadium of the positive
clectrode to obtain an effect of suppressing an active site
associated with gas generation.

It 1s known that the vanadium phosphate can be synthe-
s1zed by solid-phase synthesis, hydrothermal synthesis, a car-
bon thermal reduction method, and the like. Among these
methods, vanadium phosphate prepared by the hydrothermal
synthesis has a small particle diameter and a tendency to be
excellent 1n rate performance, and the vanadium phosphate
prepared by the hydrothermal synthesis 1s preferable as the
positive electrode active material. The vanadium phosphate
prepared by the hydrothermal synthesis generates a small
amount of gas. It 1s assumed that this 1s because vanadium
phosphate prepared by the hydrothermal synthesis has few
defects and active sites that cause gas generation.

Sulfur can be mixed to the positive electrode. The raw
maternial of sulfur 1s not limited 1n particular, and organic
sulfur compounds such as a sulfur single substance such as
a.-sulfur, p-sulfur and y-sultur, a sulfur oxide such as SO,,
chloride such as SC1,, sulfite such as L1,SO,, sulfate such as
L1,S0,, cyclic sulfurous ester such as 1,3-propane sultone
and chain sulfurous ester, cyclic sulfate ester, chain sulfate
ester and the decomposition product thereof can be used.

The sulfur amount contained 1n the positive electrode 1s
preferably 1 to 300 ppm, and more preferably 5 to 100 ppm.
When the sulfur amount i1s less than 1 ppm, gas 1s easily
generated, and when the sultur amount 1s more than 300 ppm,
gas 1s easily generated. The sulfur amount contained 1in the
positive electrode can be obtained by the inductively coupled
plasma emission spectrometry (ICP emission spectrometry).

As an electrolyte, an electrolyte i1n which a lithtum salt 1s
dissolved 1n a nonaqueous solvent (organic solvent) 1s used.
Examples of the lithtum salt include salts such as LiPF.,
L1ClO,, LiBF,, LiAsF., LiCF,SO,, LiCF,, CF,SO,, LiC
(CF;S0O,);, LiIN(CF;S0,),, LiN(CF,CF,SO,),, LiN
(CF.,SO,)(C,F;SO.,), LIN(CF,CF,CO),, and L1BOB. These
salts may be used either singly or 1n combination of two kinds
Or more.

In addition, as the organic solvent, a mixture of cyclic
carbonate and chain carbonate can be used. Examples of the
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cyclic carbonate preferably include propylene carbonate, eth-
ylene carbonate, and fluoroethylene carbonate, and examples
of the chain carbonate preferably include diethyl carbonate,
dimethyl carbonate, and methyl ethyl carbonate. These car-
bonates may be used either singly or in combination of two
kinds or more at an arbitrary ratio. From a viewpoint of the
balance of discharge capacity and cycle characteristics, it 1s
particularly preferable to contain at least two kinds of ethyl-
ene carbonate and diethyl carbonate.

The lithium-ion secondary battery according to the
embodiment can suppress gas generated at the time of charg-
ing/discharging. The mechanism thereot 1s assumed as fol-
lows. It 1s considered that the electrolyte 1s subjected to oxi-
dative decomposition on the surface of vanadium phosphate
as the positive electrode so that gas 1s generated. The sulfur
contained in the positive electrode forms a film on the surface
of the positive electrode to suppress the positive electrode
from being 1n contact with the electrolyte, and the decompo-
sition of the electrolyte on the surface of the positive electrode
1s suppressed. Theretfore, 1t 1s considered that gas generation
1s suppressed.

It 1s considered that the sulfur contained in the positive
clectrode 1s present on the surface of the vanadium phosphate
to reduce a reaction active site of the vanadium phosphate. As
a result, 1t 1s considered that the reaction of the vanadium
phosphate and the electrolyte 1s suppressed and thus, gas
generation 1s suppressed.

As shown 1 FIG. 1, a lithium-1on secondary battery 100
according to the embodiment includes a power generating
clement 30 having a plate-like negative electrode 20 and a
plate-like positive electrode 10 arranged to oppose each other
and a plate-like separator 18 adjacently arranged between the
negative electrode 20 and the positive electrode 10, an elec-
trolyte containing lithtum 1ons, a case 30 accommodating the
clectrolyte and the power generating element in a sealed state,
a negative electrode lead 62 in which one edge part 1s elec-
trically connected to the negative electrode 20 and the other
edge part 1s protruded outside of the case, and a positive
clectrode lead 60 1n which one edge part 1s electrically con-
nected to the positive electrode 10 and the other edge part 1s
protruded outside of the case.

The negative electrode 20 has a negative electrode current
collector 22 and a negative electrode active material layer 24
stacked on the negative electrode current collector 22. In
addition, the positive electrode 10 has a positive electrode
current collector 12 and a positive electrode active material
layer 14 stacked on the positive electrode current collector 12.
The separator 18 1s disposed between the negative electrode
active material layer 24 and the positive electrode active
material layer 14.

The positive electrode active material layer 14 contains at
least an active material according to the embodiment and a
conductive auxiliary agent. Examples of the conductive aux-
iliary agent include carbon materials such as carbon black,
metal powders such as copper, nickel, stainless, and 1ron,
mixtures of the carbon materials and the metal powders, and
conductive oxides such as I'TO. The positive electrode active
maternal layer may contain a binder which binds the active
material and the conductive auxiliary agent. The positive
clectrode active matenal layer 14 1s formed through a step of
applying a coating material including the vanadium phos-
phate, the binder, the solvent, and the conductive auxiliary
agent on the positive electrode current collector 12. Sulfur can
be contained in the positive electrode by kneading the organic
compound including sulfur such as 1,3-propane sultone, or by
kneading an inorganic sulfur compound such as sultur and
sulfate with the coating material. In addition, sulfur can be
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contained in the positive electrode by adding an organic com-
pound containing sulfur to the electrolyte.

Examples of the negative electrode active maternial con-
tamned in the negative electrode active material layer 24
include carbon materials such as natural graphite, synthetic
graphite, hard carbon, soit carbon, low temperature fired car-
bon, metals such as Al, S1 (silicon), Sn and S1 which are
combinable with lithium, or alloys, amorphous compounds
mainly composed of oxides such as S10, (1<x=2) (silicon
oxide) and SnO_ (1<x<2), lithium titanate (L1,11.0,,), and
T10,. The negative electrode active material may be bound by
a binder. The negative electrode active matenal layer 24 1s
formed through a step of applying a coating material contain-
ing the negative electrode active material and the like onto the
negative electrode current collector 22, as 1n the case of the
positive electrode active material layer 14. Among these
examples, when silicon and silicon oxide are used as the
negative electrode active material, gas generation 1s sup-
pressed. It 1s considered that this because a substance which
causes gas generation in the positive electrode reacts with
s1licon. When silicon and silicon oxide are mixed with carbon
of graphite to be used, there 1s an effect of suppressing gas
generation.

Moreover, the separator 18 may have an electrically insu-
lating porous structure, examples of which include a mono-
layer or stacked bodies of films constituted by polyethylene,
polypropylene, or polyolefin, extended films of mixtures of
these resins, and fibrous nonwoven fabrics constituted by at
least one kind of constituent material selected from the group
consisting of cellulose, polyester, and polypropylene.

The case 50 1s one which seals the power generating ele-
ment 30 and electrolyte therein. The case 50 1s not limited 1n
particular as long as a material can inhibit the electrolyte from
leaking out theretfrom and moisture and the like from 1nvading
the lithtum-1on secondary battery 100 from the outside. For
example, 1t 15 desirable to use a metal laminated film as the
case 50 from viewpoint of lightening the weight and a high
degree of freedom 1n the shape.

The leads 60 and 62 are formed from a conductive material
such as aluminum.

Form the above, a preferred embodiment of the lithium-ion
secondary battery according to the present invention 1s
described 1n detail and the present invention 1s not limited to
the above-described embodiment.

EXAMPLES

Hereinaftter, the present invention will be described in more
detaill with reference to Examples and Comparative
Examples, and will not be limited to the following examples.

Example 1

V.,0., LiOH and H,PO, were prepared at a mole ratio of
about 1:2:2 and heated at 160° C. for 8 hours 1n a sealed
container to fire an obtained paste at 600° C. for 4 hours in the
atmosphere. It was found that the particles obtained 1n this
manner were p-L1IVOPO,,. The L1VOPO,, particles and acety-
lene black were weighed at a weight ratio of 90:10.

The mixture and polyvinylidene fluoride (PVDEF) as a
binder were mixed and the resultant was dispersed 1n N-me-
thyl-2-pyrrolidone (NMP) as a solvent to prepare a slurry.
Then, the weight ratio of the mixture and PVDF 1n the slurry
was adjusted to 90:10. After the slurry was applied onto an
aluminum foil as a current collector, dried, and pressed, an
clectrode (positive electrode) 1n which an active material
layer was formed was obtained.
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Next, synthetic graphite as a negative electrode and a solu-
tion of 5 wt % of N-methylpyrrolidone (NMP) of polyvi-
nylidene fluoride (PVDF) were mixed to have a ratio of syn-
thetic graphite:polyvinylidene fluoride=93:7. Then, a slurry
coating material was prepared. The coating maternial was
applied to a copper foil as a current collector, dried, and
pressed to prepare anegative electrode. The positive electrode
and the negative electrode were stacked with a separator made
of a polyethylene microporous film interposed therebetween
to obtain a stacked body (matrix). The stacked body was put
into an aluminum laminated pack.

As for an electrolyte, ethylene carbonate (EC) and diethyl
carbonate (DEC) were mixed at a volume ratio of 3:7, L1PF
as a supporting electrolyte was dissolved to be 1 mol/L. 0.2%
by weight of 1,3-propane sultone with respect to the electro-
lyte was added. The electrolyte was injected in the aluminum
laminated pack 1in which the stacked body had been put and
was sealed 1n vacuum, so as to prepare an evaluation cell of
Example 1. The sulfur amount contained 1n the positive elec-
trode was obtained by the inductively coupled plasma emis-
s1on spectrometry (ICP emission spectrometry).

An evaluation cell of Example 2 was prepared as 1in
Example 1 except that the amount of 1,3-propane sultone that
was added to the electrolyte was 0.5% by weight.

An evaluation cell of Example 3 was prepared as in
Example 1 except that the amount of 1,3-propane sultone that
was added to the electrolyte was 1% by weight.

An evaluation cell of Example 4 was prepared as in
Example 1 except that the amount of 1,3-propane sultone that
was added to the electrolyte was 2.5% by weight.

An evaluation cell of Example 5 was prepared as in
Example 1 except that the amount of 1,3-propane sultone that
was added to the electrolyte was 4.5% by weight.

An evaluation cell of Example 6 was prepared as in
Example 1 except that LiVOPO,, synthesized by the solid-
phase synthesis was used as the positive electrode active
material, and the amount of 1,3-propane sultone that was
added to the electrolyte was 2% by weight.

The L1iVOPO, particles and acetylene black were weighed
at a weight ratio of 90:10. The mixture and polyvinylidene
fluoride (PVDEF) as a binder were mixed and the resultant was
dispersed in N-methyl-2-pyrrolidone (NMP) as a solvent to

prepare a slurry. Then, the weight ratio of the mixture and

PVDF 1n the slurry was adjusted to 90:10. L1,S0,, was added
to the slurry to be 0.001% by weight with respect to a total
solid content. After the slurry was applied onto an aluminum
fo1l as a current collector, dried, and pressed, an electrode
(positive electrode) 1n which an active material layer was
formed was obtained. An evaluation cell of Example 7 was
prepared through the same subsequent steps as 1n Example 1.

An evaluation cell of Example 8 was prepared as in
Example 7 except that an additive amount of [1,SO, was
0.005% by weight.

An evaluation cell of Example 9 was prepared as in
Example 7 except that an additive amount of L1,5S0, was
0.01% by weight.

An evaluation cell of Example 10 was prepared as in
Example 7 except that an additive amount of L1,5S0, was
0.03% by weight.

An evaluation cell of Example 11 was prepared as in
Example 7 except that 0.01% by weight of elemental sulfur
was used 1stead of L1,50,,.

An evaluation cell of Example 12 was prepared as in
Example 7 except that 0.01% by weight of L1,5S0; was used

instead of L1,S0,.

10

15

20

25

30

35

40

45

50

55

60

65

6

An evaluation cell of Example 13 was prepared as 1n
Example 1 exceptthat L1,V ,(PO,), synthesized by the hydro-
thermal synthesis was used as a positive electrode active
material.

An evaluation cell of Example 14 was prepared as 1n
Example 2 except that L1, V,(PO,), was used as a positive
clectrode active material.

An evaluation cell of Example 15 was prepared as 1n
Example 3 except that L.1,V,(PO,), was used as a positive
clectrode active material.

An evaluation cell of Example 16 was prepared as 1n
Example 4 except that L1,V,(PO,), was used as a positive
clectrode active material.

An evaluation cell of Example 17 was prepared as 1n
Example 5 except that L1, V,(PO,); was used as a positive
clectrode active material.

An evaluation cell of Example 18 was prepared as 1n
Example 6 exceptthat L1,V ,(PO,), synthesized by the hydro-
thermal synthesis was used as a positive electrode active
material.

An evaluation cell of Example 19 was prepared as 1n
Example 6 except that LiVPO,F synthesized by the solid-
phase synthesis was used as a positive electrode active mate-
rial.

An evaluation cell of Example 20 was prepared as 1n
Example 6 except that when the coating material was pre-
pared by kneading the positive electrode, 1,3-propane sultone
was mixed in the coating material and 1,3-propane sultone
was not added to the electrolyte.

An evaluation cell of Comparative Example 1 was pre-
pared as i Example 1 except that that 1,3-propane sultone
was not added to the electrolyte and a sulfur compound was
not added to the positive electrode.

An evaluation cell of Comparative Example 2 was pre-
pared as in Example 7 except that 0.1% by weight of 12 O,
was added.

An evaluation cell of Example 21 was prepared as 1n
Example 6 except that the amount of 1,3-propane sultone 1n
the electrolyte was 1% by weight.

An evaluation cell of Example 22 was prepared as 1n
Example 6 except that the amount of 1,3-propane sultone 1n
the electrolyte was 4.5% by weight.

A miaxture 1n which silicon oxide and silicon were mixed at
a ratio of 1:1 was used as the negative electrode and the
mixture was mixed with a solution of 20 wt % of N-meth-
ylpyrrolidone (NMP) of polyamideimide (PAI) so that a ratio
ol a total weight of silicon oxide and silicon:PAI weight=90:
10. Therefore, a slurry coating material was prepared. After
the coating material was applied to a copper foi1l as a current
collector, dried, and pressed, a negative electrode was pre-
pared. An evaluation cell of Example 23 was prepared as in
Example 3 except that the above-mentioned negative elec-
trode was used.

An evaluation cell of Example 24 was prepared as 1n
Example 23 except that the amount of 1,3-propane sultone 1n
the electrolyte was 2.5% by weight.

An evaluation cell of Example 25 was prepared as 1n
Example 23 except that the amount of 1,3-propane sultone 1n
the electrolyte was 4.5% by weight.

A muxture in which silicon oxide, silicon and graphite were
mixed at a ratio 01 0.5:0.5:9 was used as a negative electrode,
and the mixture was mixed with a solution of 20 wt % of
N-methylpyrrolidone (NMP) of polyamideimide (PAI) so
that a ratio of a total weight of silicon oxide, silicon and
graphite:PAI weight=90:10. Therelore, a slurry coating mate-
rial was prepared. After the coating material was applied to a
copper o1l as a current collector, dried, and pressed, a nega-
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tive electrode was prepared. An evaluation cell of Example 26
was prepared as 1n Example 3 except that the above-men-
tioned negative electrode was used.

An evaluation cell of Example 27 was prepared as in

Example 26 except that the amount of 1,3-propane sultonemn 5 | _
the electrolyte was 2.5% by weight. tion amount from the increased volume of the water.
An evaluation cell of Example 28 was prepared as in
Example 26 except that the amount of 1,3-propane sultone in As shown 1n Table 1, it was apparent that gas generation
the electrolyte was 4.5% by weight. could be suppressed in Examples 1 to 28 and there was no gas
Constant current-constant voltage charging was carriedout 10 generation suppression effect in Comparative Examples 1
on the prepared evaluation cells atarate o1 0.1 Cupto 4.3 V. and 2.
TABLE 1
Addiive
amount of
Additive sulfur
Positive amount of contained 1n
electrode sulfur positive Gs
active Negative Sulfur source electrode  generation
material Synthesis method electrode source (wt %) (ppm) rate (%o)
Example 1 LiVOPO, Hydrothermal synthesis Graphite 1,3-propane 0.2 1 24.5
sultone
Example 2 LiVOPO, Hydrothermal synthesis Graphite 1,3-propane 0.5 5.8 19.3
sultone
Example 3 LiVOPO, Hydrothermal synthesis Graphite 1,3-propane 1 21 12.3
sultone
Example 4 LiIVOPO, Hydrothermal synthesis Graphite 1,3-propane 2.5 52 8.8
sultone
Example 5 LiVOPO, Hydrothermal synthesis Graphite 1,3-propane 4.5 87 12.5
sultone
Example 6 LiVOPO, Solid-phase synthesis  Graphite 1,3-propane 2 28 21.1
sultone
Example 7 LiVOPO, Hydrothermal synthesis Graphite Li,S0, 0.001 8 13.8
Example 8 LiVOPO, Hydrothermal synthesis Graphite Li,50, 0.005 46 11.3
Example 9 LIVOPO, Hydrothermal synthesis Graphite L1,50, 0.01 87 9.7
Example 10 LiVOPO, Hydrothermal synthesis Graphite Li1,50, 0.03 300 25.7
Example 11 LiIVOPO, Hydrothermal synthesis Graphite Se 0.01 52 13.3
Example 12 LiVOPO, Hydrothermal synthesis Graphite Li1,50, 0.01 83 15.9
Example 13 Li3V,(PO,); Hydrothermal synthesis Graphite 1,3-propane 0.2 1.6 29.8
sultone
Example 14 Li13V5(PO,); Hydrothermal synthesis Graphite 1,3-propane 0.5 6.9 24.2
sultone
Example 15 Li;V5(PO,); Hydrothermal synthesis Graphite 1,3-propane 1 25 16.8
sultone
Example 16 Li3V5(PO,); Hydrothermal synthesis Graphite 1,3-propane 2.5 63 28.7
sultone
Example 17 Li;V5(PO,); Hydrothermal synthesis Graphite 1,3-propane 4.5 92 34.3
sultone
Example 18 Li13V5(PO,); Hydrothermal synthesis Graphite 1,3-propane 2 28 19.3
sultone
Example 19 LiVPO,LF Solid-phase synthesis  Graphite 1,3-propane 2 21 31.1
sultone
Example 20 LiVOPO, Hydrothermal synthesis Graphite 1,3-propane 2 51 23.3
sultone
Comparative Example 1 LiVOPO, Hydrothermal synthesis Graphite None 0 0 55.3
Comparative Example 2 LIVOPO, Hydrothermal synthesis Graphite L1,50, 0.1 380 39.2
Example 21 LiVOPO, Solid-phase synthesis  Graphite 1,3-propane 1 21 12.3
sultone
Example 22 LaIVOPO, Solid-phase synthesis  Graphite 1,3-propane 4.5 87 12.5
sultone
Example 23 LiVOPO, Hydrothermal synthesis Silicon oxide + 1,3-propane 1 34 7.5
Silicone sultone
Example 24 LiVOPO, Hydrothermal synthesis Silicon oxide + 1,3-propane 2.5 69 5.3
Silicone sultone
Example 25 LiIVOPO, Hydrothermal synthesis Silicon oxide + 1,3-propane 4.5 96 8.5
Silicone sultone
Example 26 LiVOPO, Hydrothermal synthesis Silicon oxide + 1,3-propane 1 27 10.8
Silicone + sultone
Graphite
Example 27 LiVOPO, Hydrothermal synthesis Silicon oxide + 1,3-propane 2.5 58 8.1
Silicone + sultone
Graphite
Example 28 LiVOPO, Hydrothermal synthesis Silicon oxide + 1,3-propane 4.5 91 11.6
Silicone + sultone

In the charging state, a gas generation amount was obtained.

The gas generation amount was measured by the Archimedes
method. Specifically, the cells were immersed into pure water

and the buoyant force was measured to obtain a gas genera-

Graphite
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What 1s claimed 1s:
1. A lithium-1on secondary battery comprising a positive
clectrode comprising:

L1 (M),(PO,) F ;as an active material, where:
Mi1sVOorV, 5

0.9<a<3 .3,
0.9<b=<2.2,
0.9=c=<3.3, and
0O=d=<2.0, and

1 to 300 ppm of sulfur contained on a surface of the active 10

material.

2. The lithtum-1on secondary battery according to claim 1,
wherein the active material contains LiVOPO, or Li,V,
(PO,),

15

10
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